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(54) Abstract Title 

Active typo solid-state imaging device 

(57) An active type solid-state imaging device includes a pixel array, a plurality of signal lines (13) with each 
pixel connected to one of the signal lines, a first power source V D , and a second power source of lower voltage 
V> Each pixel includes a photodiode (5), a reset MOS transistor (102) connected between the photodiode and 
the second power source V p and a pixel selection MOS transistor (103) connected serially to an amplification 
MOS transistor (101) to form a transistor pair, the transistor pair being connected between the signal line (13) 
and the first power source V D . The use of a lower voltage power source for the reset transistor (102) shifts 
negatively the input voltage range of the source follower circuit that includes amplifier transistor (101) and 
transistor (15) acting as a load for supplying a constant current. This reduces the reverse bias applied to the 
photodiode (5) and thereby reduces pixel leakage current. 
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BACKGROUND OF THE INVENTION 
ACTIVE TYPE SOLID-STATE IMAGING DEVICE 

1. FIELD OF THE INVENTION: 

The present invention relates to a circuit 
technology for reducing the pixel leak current of an active 
type solid-state imaging device. 

2. DESCRIPTION OF THE RELATED ART: 

Various active type solid-state imaging devices 
have been proposed in the art in which each pixel is 
provided with an amplification function, and a scanning 
circuit is used to read a signal amplified by the pixel. 
One of such active type solid-state imaging devices is 
an APS (Active Pixel Sensor) type image sensor which 
employs a CMOS device for each pixel. The use of a CMOS 
device is advantageous in integrating the pixel 
configuration with the peripheral units such as a driving 
circuit and a signal processing circuit. An APS type 
image sensor requires a photoelectric conversion section, 
an amplification section, a pixel selection section, and 
a reset section to be provided in each pixel. Thus, an 
APS type image sensor typically uses, for each pixel, one 
photoelectric conversion section formed of a photo diode 
(PD) and three or four MOS transistors (T). 



1 



2 



Figure 5 shows a configuration of a two- 
dimensional area image sensor employing the conventional 
PD + 3T pixel configuration (Mabuchi. et. al., "A 1/4 Inch 
5 330k Pixel VGA CMOS Image Sensor", The Technical Report 
of institute of Image Information and Television Engineers , 
IPU97-13, March, 1997). 

Referring to Figure 5. each pixel includes a 
10 photoelectric conversion photo diode 5 , an amplification 
MOS transistor 1. a reset MOS transistor 2, a pixel 
selection MOS transistor 3, a pixel selection clock 
line 11, a reset clock line 12, a signal line 13 and a 
power source line 14- 

The MOS transistor 3 is driven by a vertical 
scanning circuit (I) 20 through the pixel selection clock 
line 11. and the MOS transistor 2 is driven by another 
vertical scanning circuit ( II ) 21 through the reset clock 
20 line 12. A MOS transistor 15 (the gate bias voltage is 
shown as V L1 ) is connected to the signal line 13 as a load 
for supplying a constant current. The output voltage of 
the MOS transistor 15 is eventually passed to a horizontal 
signal line 19 through an amplifier (an amplification MOS 



15 
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transistor) 16 and a MOS transistor 17. The MOS 
transistor 17 is driven by a horizontal scanning 
circuit 22 through a horizontal clock line 18. A MOS 
transistor 23 (the gate bias voltage is shown as V L2 ) is 
connected to the horizontal signal line 19 as a load for 
supplying a constant current. The output voltage of the 
horizontal signal line 19 is led to an output terminal OS 
through an amplifier 24. 

In Figure 5, the MOS transistors 1, 2, and 3 are 
all n-type enhancement MOS transistors, and the photo 
diode 5 is a pn junction diode. With this configuration, 
it is easy to form the pixels by an ordinary CMOS process. 
The peripheral circuits (including the analog circuits 
such as the amplifiers 16 and 24 and the digital circuits 
such as the vertical scanning circuits 20 and 21 and the 
horizontal scanning circuit 22) are typically CMOS 
circuits. Therefore, it is possible to form both the 
pixels and the peripheral circuits in a common process. 
Thus , the pixels and the periphery circuits can be commonly 
connected to a single power source (e.g., V D ) . 

In the configuration shown in Figure 5, all the 
transistors 1, 2, and 3 are n-type enhancement MOS 



- 4 - 



transistors. Therefore, the input /output 

characteristic of a source follower circuit which includes 
the amplification MOS transistor 1 and the MOS 
transistor 15 as a load for supplying a constant current 
5 will he as shown in Figure 6. In Figure 6. V T1 is the 
threshold voltage of the amplification MOS transistor 1. 
V T2 is the threshold voltage of the MOS transistor 15 as 
a load for supplying a constant current, and V t is the gate 
bias voltage of the MOS transistor 15. For an output 
10 voltage v c within the range: 
v e >V L -V T2 , 

the MOS transistor 15 as a load for supplying a constant 
current is saturated, thus ensuring linearity of the 
input /output relationship. Therefore, a sufficient 
15 operational margin cannot be obtained unless the input 
voltage v» is at a high level near the source voltage v.. 

In the configuration shown in Figure 5, the pn 
junction diode forming the photoelectric conversion photo 
20 diode 5 is reversely biased to the magnitude of the 
voltage V D by resetting the photo diode 5 to the magnitude 
of the source voltage V D . A leak current may occur in the 
pn junction diode due to the reverse bias . In such a case . 
the leak current is accumulated during each photo carrier 
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charging period and added to the signal charge, thus 
generating a false signal. The amount of the leak current 
varies among different pixels , thereby causing fixed- 
pattern noise in the displayed image. A localized leak 
current may generate a white defect. Therefore, the leak 
current may significantly degrade the image quality. 

The amount of leak current generated in the pn 
Junction diode is strongly dependent on the magnitude of 
the reverse bias voltage, and rapidly increases as shown 
in Figure 7 as the reverse bias voltage increases. 
Therefore, it is necessary to reduce the reverse bias 
voltage, and hence the source voltage, in order to reduce 
the amount of leak current generated in the pn junction 
diode. This, however, leads to the reduction of the 
operational margin as shown in Figure 6. The trade-off 
relationship has been a significant problem in APS type 
CMOS image sensors. 

SUMMARY OF THE INVENTION 

According to one aspect of this invention, an 
active type solid-state imaging device includes: a 
plurality of pixels arranged in an array; a plurality of 



signal lines wherein each of the pixels is connected to 
one of the signal lines; a first power source; and a second 
power source having a lower voltage than that of the first 
power source. Each of the pixels includes: a 
photoelectric conversion section; a first , depletion type 
MOS transistor; a second, reset MOS transistor for 
resetting a signal charge which has been stored in the 
photoelectric conversion section; and a third, pixel 
selection MOS transistor serially connected to the first 
MOS transistor to form a transistor pair. One end of the 
transistor pair is connected to one of the signal lines 
and the other end thereof is connected to the first power 
source. One end of the second MOS transistor is connected 
to the photoelectric conversion section and the other end 
thereof is connected to the second power source. 

In one embodiment of the invention, the second MOS 
transistor and the third MOS transistor are of a depletion 
type. 

In one embodiment of the Invention, each of the 
signal lines is connected to a signal processing circuit 
driven by the first power source. 



In one embodiment of the invention , the second 
power source includes the first power source and a voltage 
dividing circuit for dividing the voltage of the first 
power source. 

In one embodiment of the invention, the voltage 
dividing circuit includes a voltage follower circuit. 

In one embodiment of the invention, the voltage 
dividing circuit includes a circuit having one or more 
diodes connected together in a forward direction. 

In the active type solid-state imaging device 
according to the present invention, the reverse bias 
voltage applied to the pn junction diode as a light 
detecting section is set to be lower than the source 
voltage which is necessary for signal reading operations. 
Therefore, the amount of leak current generated in the 
light detecting section is greatly reduced. Furthermore, 
according to the present invention, by using a depletion 
type transistor for a signal amplification MOS transistor, 
a sufficient operational margin is ensured even if the 
reverse biased voltage applied to the pn junction diode 
is low. 



Thus, the invention described herein makes 
possible the advantage of providing a novel active type 
solid-state imaging device having a very simple 
configuration in which the amount of leak current 
generated in a pn junction diode is reduced and a 
sufficient operational margin can be ensured. 

This and other advantages of the present 
invention will become apparent to those skilled in the 
art upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a circuit diagram showing an exemplary 
configuration of a two dimensional area image sensor as 
an embodiment of the active type solid-state imaging 
device according to the present invention. 

Figure 2 is a graph illustrating an operation of 
the two dimensional area image sensor shown in Figure 1. 

Figure 3 is a circuit diagram showing an exemplary 
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circuit configuration of a single pixel of the two 
dimensional area image sensor as another embodiment of 
the active type solid-state imaging device according to 
the present invention. 

5 

Each of Figures 4A and 4B is a circuit diagram 
showing an exemplary configuration of a voltage dividing 
circuit used in the active type solid-state imaging device 
according to the present invention. 

10 

Figure 5 is a circuit diagram showing an exemplary 
circuit configuration of a two dimensional area image 
sensor as a conventional active type solid-state imaging 
device . 

15 

Figure 6 is a graph illustrating an operation of 
the two dimensional area image sensor shown in Figure 5. 

Figure 7 is a diagram illustrating a problem of 
20 a conventional active type solid-state imaging device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present invention will now 
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-10- 
be described in more detail with reference to the drawings . 

Figure 1 is a circuit diagram showing an exemplary 
configuration of a two dimensional area image sensor as 
5 an embodiment of the active type solid-state imaging 
device according to the present invention. 

Referring to Figure 1 , the sensor includes a pixel 
selection clock line 11, a reset clock line 12 , a signal 
10 line 13, and a power source line 14. These elements are 
similar to those of the conventional sensor shown in 
Figure 5 . 

The distinct features of the present invention are 
15 as follows: a first, amplification MOS transistor 101, 
a second, reset MOS transistor 102, and a third, pixel 
selection MOS transistor 103 are depletion type 
transistors; a reset power source line 114 is provided 
separately from the power source line 14 to which the 
20 signal-reading source voltage V D is applied; a voltage V P 
lower than V D is generated by a voltage dividing circuit 25 
and applied to the reset power source line 114. In the 
example shown in Figure 1, all the three MOS 
transistors 101, 102, and 103 are depletion type 
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transistors in Figure 1. However, under certain 
conditions, the reset MOS transistor 102 and the pixel 
selection MOS transistor 103 may alternatively be 
enhancement type transistors as in the conventional 
sensor. 

In the example shown in Figure 1, all the 
transistors 101, 102, and 103 are n-type depletion MOS 
transistors. Therefore, the source follower circuit, 
including the amplification MOS transistor 101 and the 
MOS transistor 15 as a load for supplying a constant 
current, will have an input /output characteristic as 
represented by the solid line in the graph of Figure 2. 
Compared with the graph of Figure 6, this graph shows that 
the input voltage range is shifted toward the negative 
side by V T1 ■ -V TI (where V T1 denotes the threshold voltage 
of the enhancement type MOS transistor 101, and V T1 ' 
denotes the threshold voltage of a depletion type MOS 
transistor which is used in place of the enhancement type 
MOS transistor 101). In this case, as in the case shown 
in Figure 6, for an output voltage v D within the range: 

v 0 >V L1 -V T2 , 

the MOS transistor 15 as a load for supplying a constant 
current is saturated, thus ensuring linearity of the 
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input /output relationship (where V T2 is the threshold 
voltage of the MOS transistor 15 as a load for supplying 
a constant current, and V L1 is the gate bias voltage of 
the MOS transistor 15). Therefore, a sufficient 
operational margin can be obtained even when the input 
voltage Vi is less than or equal to a voltage V P which is 
much lower than the source voltage V D . 

Accordingly, in the configuration in Figure 1, 
the pn junction diode as the photoelectric conversion 
photo diode 5 is reset to the voltage V P which is much lower 
than the source voltage V D , and the amount of leak current 
is greatly reduced as is apparent from Figure 7 . 
Therefore, the pn junction diode accumulates 
substantially no charge which may give a false signal. 
This means that the fixed-pattern noise in the displayed 
image due to the amount of leak current varying among 
different pixels and the white defect due to a localized 
leak current are considerably reduced. Thus, the image 
quality is greatly improved. 

In Figure 1, the MOS transistors 102 and 103 are 
depletion type transistors as is the MOS transistor 101. 
Because the magnitude of the source voltage of the vertical 
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scanning circuit ( II ) 21isV D , the high level of the reset 
clock of the reset clock line 12 which drives the MOS 
transistor 102 will be V D . As shown in Figure 2, when the 
gate voltage is V D , the potential ^(Vd) is: 

5 *»d(V d )>Vp, 

so that it is possible to reset the photo diode 5 to V P 
by the MOS transistor 102. Similarly, because the 
magnitude of the source voltage of the vertical scanning 
circuit (I) is also V D , the high level of the selection 

0 clock of the pixel selection clock line 11 will be V D . As 
shown in Figure 2, 

*»b (V D )><!>„,!, (V P ) . 

Therefore, it is possible to switch the output voltage 
<I>.»d(Vp) of the MOS transistor 101 by the MOS transistor 103. 
5 The range of the input voltage v x is, however, limited to: 

<|»«o<V 1 <Vp, 

due to the off margin of the MOS transistor 102. Herein, 
<t>mo is the channel potential of each of the MOS 
transistors 101 through 103 when their gate voltage is 
0 0 V. As shown in Figure 2, the potential <J> Bl obtained when 
the gate voltage is «t» B0 is: 

$ml><|>i>o # 

so that the off margin of the MOS transistor 103 is 
ensured . 
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When the voltage difference between V D and V P is 
large, the device is operable even when the MOS 
transistors 102 and 103 are enhancement type transistors . 
Figure 3 shows an exemplary pixel configuration in such 
a case. As shown in a broken line in Figure 2, where the 
MOS transistors 102 and 103 are enhancement type 
transistors, if the relationship between the 
potential <t> BE (V D ) (the potential when the gate voltage is 
V D ) and the reset voltage V P is: 
<WVi>)>v P . 

it is possible to reset the photo diode 5 to V p by the MOS 
transistor 102. Where a depletion type transistor is 
used, if the relationship between the potential $„e(Vd) 
and the potential <t>„D(V P ) (the potential when the gate 
voltage is V P ) is: 

fc*(V»)>WV») . 

it is possible to switch the output voltage v 0 s<t>„ D ( V P ) of 
the MOS transistor 101 by the MOS transistor 103. 

Because the MOS transistor 102 and 103 are of an 
enhancement type, and thus can be completely turned off, 
the range of the input voltage v t will not be limited by 
the off margin of the MOS transistors 102 and 103. 
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Each of Figures 4A and 4B shows an exemplary 
configuration of the voltage dividing circuit 25 shown 
in Figure 1. In the configuration shown in Figure 4A, a 
voltage is divided by resistors 26 and 27 and passed 
through a voltage follower circuit 28 having a low 
impedance. Then, the voltage is smoothed by a 
electrolytic capacitor 29 to be output as the voltage V P . 
In the configuration shown in Figure 4B, a number n of 
diodes 30 are serially connected to the voltage V D in the 
forward direction, and the output obtained through the 
diodes 30 is smoothed by the electrolytic capacitor 29. 
When the amount of potential lost in each diode 30 is AV, 
the output voltage V P is: 

V P =V D -nAv. 

As described above, an active type solid-state 
imaging device of the present invention includes: a 
plurality of pixels arranged in an array; a plurality of 
signal lines wherein each of the pixels is connected to 
one of the signal lines; a first power source; and a second 
power source having a lower voltage than that of the first 
power source. Each of the pixels includes: a 
photoelectric conversion section; a first, depletion type 
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MOS transistor; a second, reset MOS transistor for 
resetting a signal charge which has been stored in the 
photoelectric conversion section; and a third, pixel 
selection MOS transistor serially connected to the first 
MOS transistor to form a transistor pair. One end of the 
transistor pair is connected to one of the signal lines 
and the other end thereof is connected to the first power 
source. One end of the second MOS transistor is connected 
to the photoelectric conversion section and the other end 
thereof is connected to the second power source. 

In such an active type solid-state imaging device 
according to the present invention, the reverse bias 
voltage applied to the pn junction diode as a light 
detecting section is set to be lower than the source 
voltage which is necessary for signal reading operations. 
Therefore, the amount of leak current generated in the 
light detecting section is greatly reduced. Furthermore, 
according to the present invention, by using a depletion 
type transistor for a signal amplification MOS transistor, 
a sufficient operational margin is ensured even if the 
reverse biased voltage applied to the pn junction diode 
is low. Thus. the present invention provides 
advantageous and practical effects. 
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Various other modifications will be apparent to 
and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 
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CLAIMS 

1. An active type solid-state imaging device, comprising: 
a plurality of pixels arranged in an array; 
a plurality of signal lines wherein each of the 

pixels is connected to one of the signal lines; 
a first power source; and 

a second power source having a lower voltage than 
that of the first power source, each of the pixels 

comprising : 

a photoelectric conversion section; 

a first, depletion type MOS transistor; 

a second, reset MOS transistor for resetting a 
signal charge which has been stored in the photoelectric 
conversion section; and 

a third, pixel selection MOS transistor serially 
connected to the first MOS transistor to form a transistor 

pair, wherein: 

one end of the transistor pair is connected to one 
of the signal lines and the other end thereof is connected 
to the first power source; and 

one end of the second MOS transistor is connected 
to the photoelectric conversion section and the other end 
thereof is connected to the second power source. 



' 1 <fc 
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2. An active type solid-state imaging device according 
to claim 1 , wherein the second MOS transistor and the third 
MOS transistor are of a depletion type. 

3. An active type solid-state imaging device according 
to claim 1, wherein each of the signal lines is connected 
to a signal processing circuit driven by the first power 
source . 

4. An active type solid-state imaging device according 
to claim 1, wherein the second power source comprises the 
first power source and a voltage dividing circuit for 
dividing the voltage of the first power source, 

5* An active type solid-state imaging device according 
to claim 4 , wherein the voltage dividing circuit comprises 
a voltage follower circuit. 

6. An active type solid-state imaging device according 
to claim 4 , wherein the voltage dividing circuit comprises 
a circuit having one or more diodes connected together 
in a forward direction. 
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7. An active type solid-state imaging device, substantially as 
hereinbefore described with reference to Figure 1 of the accompanying 
drawings. 

8. An active type solid-state imaging device, substantially as 
hereinbefore described with reference to Figure 1 as modified according to 
Figure 2 of the accompanying drawings. 

9. An active type solid state imaging device according to claim 7 or 
claim 8, incorporating a voltage dividing circuit substantially as hereinbefore 
described with reference to Figure 4A or Figure 4B of the accompanying 
drawings. 
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